Abstract We aim to understand the relationship between people's declared bioclimatic comfort, their personal characteristics (age, origin, clothing, activity and motivation, etc.) and the atmospheric conditions. To attain this goal, questionnaire surveys were made concurrently with weather measurements (air temperature, relative humidity, solar and long-wave radiation and wind speed) in two open leisure areas of Lisbon (Portugal), during the years 2006 and 2007. We analysed the desire expressed by the interviewees to decrease, maintain or increase the values of air temperature and wind speed, in order to improve their level of comfort. Multiple logistic regression was used to analyse the quantitative relation between preference votes and environmental and personal parameters. The preference for a different temperature depends on the season and is strongly associated with wind speed. Furthermore, a general decrease of discomfort with increasing age was also found. Most people declared a preference for lower wind speed in all seasons; the perception of wind shows significant differences depending on gender, with women declaring a lower level of comfort with higher wind speed. It was also found that the tolerance of warmer conditions is higher than of cooler conditions, and that adaptive strategies are undertaken by people to improve their level of comfort outdoors.
Introduction
The assessment of bioclimatic comfort in outdoor areas is a complex task, due to the high variability of the outdoor environment conditions and the influence of subjective factors (especially psychological and cultural) in the perception of the atmospheric environment (Höppe 2002; Spagnolo and De Dear 2003; Knes and Thorsson 2006; Nikolopoulou and Lykoudis 2006; Oliveira and Andrade 2007; Lin 2009 ). It is currently well known that models developed to assess indoor conditions, based on the human body thermal balance (Fanger 1972; Gagge et al. 1986; Parsons 1993) , are inadequate to understand outdoor thermal comfort, since they can only be used as an approach to assess the thermophysiological component of the thermal comfort.
Recent studies on this subject combine measurements of weather parameters with interviews, with the aim of understanding the complex relationships between meteorological and personal (including psychological) factors in the perception of the atmospheric environment (Ahmed 2003; Givoni et al 2003; Spagnolo and De Dear 2003; Stathopoulos et al. 2004 ; Knes and Thorsson 2006; Lin and Matzarakis 2008) .
A study on the perception of atmospheric conditions by users of urban open spaces was carried out in Lisbon during the years of 2006 and 2007; its main purpose was to improve knowledge on the relationships between outdoor microclimatic conditions and the perception of bioclimatic comfort, which can contribute to improving the design of urban outdoor spaces. The first results (concerning data from late winter and spring of 2006) are explained in Oliveira and Andrade (2007) ; in this initial experience, the questionnaires were used in just one open space in Lisbon (Belem) located in the southern part of the city (Fig. 1) .
All the results obtained during this 2-year study about the perception of air temperature and wind speed are presented in this paper. According to De Dear and Brager 2002, there are two main aspects to consider in the thermal perception: sensation and satisfaction. Only the latter will be analysed in this paper, according to temperature or wind preferences expressed by the interviewed people (preference votes). The goals of this study are mainly exploratory and, unlike other research on the same topic (e.g. Hwang and Lin 2007; Lin and Matzarakis 2008) , the significance of a given thermal physiological index (SET* and PET, respectively, in the mentioned works) was not assumed a priori; the research was instead directed towards seeking the variables or indices that related better with thermal or wind preferences votes, without any initial pre-conceived idea. Thus, the objectives pursued were: (1) to assess the relationship between bioclimatic comfort (expressed through preference votes) and the climatic and environmental conditions; and (2) to identify the personal parameters that influence the preference votes, namely temperature and wind in outdoor environments.
Multiple logistic regression was used to model the relationship between the preference votes and environmental and personal parameters. The results concerning the perception of temperature and wind speed are discussed separately, and the main conclusions outlined.
Materials and methods
This study was based on questionnaires, surveys and measurements of weather parameters performed simultaneously in Lisbon (Fig. 1) , the capital and larger city of Portugal. Lisbon lies 30 km to the east of the Atlantic shore and right on the bank of the Tagus estuary, which is 15 km wide east of Lisbon (Fig. 1) . The city has approximately 600,000 inhabitants and is the centre of a metropolitan area with nearly 2.5 million inhabitants. Lisbon has a "Mediterranean" climate, with mild winters and hot and dry summers.
Study areas
The field sessions were carried out in two open areas in Lisbon: Parque das Nações (the 1998 Expo site) that will be referred henceforth as 'Expo' and Alcântara, not far away from the Belem Tower, will be referred to shortly as Belem, Fig. 1 ). Both study areas are open outdoor spaces by the Tagus riverside, although each one has specific characteristics:
& Belem is located in the southern part of the city and is used for promenading and some sport activities (such as jogging, football and fishing), particularly during weekends. The area has paved sidewalks and grassed areas. There are benches facing south on both the green and paved areas. More than half the total area is covered by grass, but people use mainly the paved area, built with Portuguese limestone mosaic. The trees are around 10 m tall and are exclusively deciduous (Celtis australis) bordering the east and west sides and covering only about 20% of the area, which results in a low availability of shade. A total of 461 inquiries were made in Belem. & Expo is also located by the Tagus, but north-east of the city centre. It offers a larger choice of leisure and commercial activities than Belem. The site where the fieldwork took place is almost entirely paved (about 70% of the area), built with a mixture of concrete and gravel; it has no grass, but it has many perennial trees (Pinus pinea, with an average height of 8-9 m, and crowns that cover about 50% of the area; Fig. 1 ) supplying many shaded spots during the whole year. There are benches and low walls, with different orientations, providing many places to sit in the shade. A total of 482 interviews were carried out at the Expo site.
Field data collection
The field work included weather measurements, questionnaires and a photographic survey, carried out simultaneously. Measurements of air temperature (Ta), wind speed (v) and relative humidity (RH) were made every 30 s, concurrently with the interviews (on average, 3 measurements were made during each interview). Solar (K) and infrared radiation (L) were measured every 30 min. After the first experiment, described in Oliveira and Andrade (2007) , a large number of additional measurements sessions and questionnaires were made in the study areas during 2006 and 2007, in order to account for different seasons and weather types.
Calculation of mean radiant temperature and thermophysiological indices
Mean radiant temperature (T mrt ) is a parameter that measures the thermal influence of the radiant fluxes in the human body, and it was calculated using the method described in Jendritzky and Nübler (1981) ; it has been used in other works such as Spagnolo and De Dear 2003 and Oliveira and Andrade (2007) . For each measurement session, radiant fluxes were measured and T mrt was calculated in sunshine conditions (under direct solar radiation) and in the shade.
Thermophysiological indices were calculated in order to evaluate the combined effect of atmospheric variables on preference votes: Predicted Mean Vote (PMV ; Fanger 1972; Jendritzky and Nübler 1981; Parsons 1993) , Standard Effective Temperature (SET*; Parsons 1993; Chen et al. 2004) and Physiological Equivalent Temperature (PET; Höppe 1999; Matzarakis et al. 1999) . Tabulated values of clothing insulation and metabolic heat production were used for the calculation of PMV and SET* (Parsons 1993) , while constant values of clothing and physical activity were assumed for PET determination.
Several series of PMV, PET and SET* indices were calculated using different values of T mrt : (1) referring to the location of the interviews (sun or shade); (2) only with T mrt in the sun; and (3) only with T mrt in the shade and iv) considering T mrt = Ta.
Additional to the thermophysiological indices, an empirical coefficient (ν # ), combining two wind parameters was calculated, following the work of Oliveira and Andrade (2007) ; the authors found that the perception of wind depends strongly on a combination of maximum wind speed measured during each interview (v max ) and the standard deviation of wind speed during the same period (SV); therefore, the ν # coefficient was computed as follows: V # ¼ v max þ SV . In this study, V # is used to evaluate the perception of atmospheric conditions instead of wind speed alone.
Characterization of fieldwork days
The fieldwork was carried out during the afternoons of 11 days of 2006 and of 2007, throughout the years.
Interviews were repeated in the summer 2007, in order to acquire a larger diversity of data for different weather types. Characterization of the fieldwork days is shown in Table 1 . All days had clear weather conditions (absence of rainfall and cloudless or nearly cloudless sky), but there was a large variety of thermal and wind conditions; this allowed us to cover a representative sample of the different "promenade" weather conditions in Lisbon. Mean air temperature in the studied areas (calculated for each field work period that lasted for several hours during the hotter part of the day) varied between 14.6°C and 30.6°C. Most of the fieldwork days had quite a high maximum air temperature. At the meteorological station Lisboa/Geofísico, located north of the city centre (Fig. 1) , the majority of the days under study registered maximum temperatures that were higher than the maximum normal (30-year average), except in winter when they were slightly below the "normal", and in the 2007 summer period that was particularly cool. Wind speed was higher in the summer periods and, in spite of its lower average, the summer of 
The questionnaire
The questionnaire was described in detail in Oliveira and Andrade (2007) . It is divided into two parts: in the first one, the personal characteristics of the interviewees (age, gender, clothing, activity, geographical origin, among others) are described; in the second part, the questions aim at detecting the personal perception of the atmospheric conditions and the thermal and wind preferences of the interviewees. An important question in the first part of the questionnaire refers to the clothing worn by the interviewees. The procedure followed to classify clothing is explained in Oliveira and Andrade (2007, p. 74) ; the estimation of the thermal resistance of clothing was based on Parsons (1993) and expressed in Clo units. In the second part, there are four questions about the perception of the atmospheric conditions (Oliveira and Andrade 2007, p. 76) ; in this work, only the questions referring to the preference votes associated with particular weather variables were analysed (questions 20 and 22, Table 2 ):
& The answers to question 20 showed which was the most unpleasant weather parameter for the interviewees at the time of the questionnaire; (Parsons 1993 ) that relates to their state of comfort (defined as the level of mental satisfaction with the atmospheric conditions).
Data analysis
The main objective of the data analysis was to clarify the relationship between the personal characteristics of the interviewees, their thermal or wind preferences, and the measured values of the atmospheric parameters. The analysis was centred on the preference votes (question 22), because the answers to this question have provided the most useful information concerning the environmental changes necessary to create more comfortable outdoor spaces.
Through this analysis, we tried to understand the conditions that can lead the interviewees to prefer maintaining or changing the atmospheric conditions perceived at that moment. In this sense, preference votes can be considered as a dependent categorical variable (Vitinghoff et al. 2005) and atmospheric and personal conditions as independent variables, which can also lead to a change in the answers.
Two main approaches were adopted:
1. Analysis of the relationship between specific independent variables (personal and atmospheric) and the preference votes. These relationships were tested using ANOVA (relationship between quantitative variables, such as air temperature or age) and Chi-square test (relationship between other categorical variables, such as gender or type of activity); 2. Modelling of the relationship between preference votes and the atmospheric and personal factors. For this purpose, logistic multiple regression was used (Kleinbaum et al. 1998; Vitinghoff et al. 2005 ). This method is useful to create models that predict the probability of occurrence of a binary variable (coded as 1 and 0) as a function of the independent variables (predictors), that can be either continuous or categorical (binary or not); categorization of atmospheric variables was made by dividing them in 10 categories of equal frequency (Vitinghoff et al. 2005) . Other advantages of the logistic regression are that variables do not need to have a normal distribution or a constant variance and the relationships do not need to be linear. As the relationships can be nonlinear, different transformations (logarithmic, quadratic and others) were carried out and used in the initial model.
Each of the three categories of preference votes was considered, in the current analysis, as a different dependent variable according to the wish expressed by the interviewees to either maintain the present conditions (temperature, wind) or change them, hence increasing the value of the weather parameter or decreasing it. The preferred option was coded as 1, while the other two types of answers were coded as 0. For example, in relation to wind speed, all the votes of people who preferred to decrease wind speed were coded as 1 and all the other votes (not to decrease it) were coded as 0. Therefore, for each of the atmospheric variables (temperature and wind), three models were necessary: preference to decrease, to maintain or to increase. In each model, the binary dependent variable was the coded vote and the independent variables were the atmospheric parameters measured at the moment, or the personal characteristics.
The independent variables to be included in the model were selected, in each case, through a forward stepwise procedure. The contribution of the independent variables to the model was evaluated using the Ward test and the change in −2 Log Likelihood (−2 LL) when the variable is removed; the more significant contribution to the model corresponded to higher values of the Ward test and change in −2LL; variables with a significant contribution to the model have a p value under 0.05. The quantitative relationship between the probability of occurrence of the dependent variable and the different independent variables can be expressed as:
where p is the probability that the answer is given (varying between 0 and 1) and z is the linear combination of the independent variables:
Where b 0 is the intercept of the model, the x i are the independent variables, and b i are the coefficients for each of the n independent variables (Kleinbaum et al. 1998; Vitinghoff et al. 2005) .
It is not possible to calculate an overall measure of goodness of fit for this model, comparable to the R 2 in the linear multiple regression. However, the Hosmer-Lemeshow statistic can be used as an indicator of goodness of fit of the overall model; it is assumed that the model fits the data adequately when significance values associated with the chisquare are above 0.05. This condition was fulfilled in the models applied in the current research.
Results

Characteristics of the interviewees
Women represented 53% of the sample and men 47%; this gender distribution is very similar to the one observed in the national population. The most frequent age group was 25-34 years and the sample age structure was significantly younger than the national age structure (INE 2001) . Nearly all the people interviewed were in the study areas for leisure purposes; 24% of the interviewed people were seated, 75% standing and, of these, a large majority were walking slowly (90%) and only 5% were walking fast.
Estimated Clo values of the interviewees clothing varied between 0.24 and 1.75 (average 0.69), with the lower average values in summer (0.4) and the higher values in winter.
There are no significant differences in Clo values in relation to gender. However, qualitative differences exist, depending on season: women wearing skirts amounted to less than 1% in winter and autumn, but their number increased to around 10% in the summer. Conversely, age has a quantitative influence in clothing; there is an increment in the average Clo value in the age group above 54 years in winter and autumn, while in spring and summer, this increment is only clear in the age group above 65 years ( Fig. 2) .
Assessment of air temperature conditions
General aspects of the relationship between thermal preference votes and Ta by means of a polynomial regression
The relationship between thermal preference votes and measured values of Ta were significant (p<<0.001). The relationship between the percentage of people who did not wish to change the thermal environment and the measured air temperature was analysed first. The sample was divided in 20 classes of equal frequency with increasing temperature (Fig. 3) ; this parameter explains nearly 84% of the variance of satisfaction, while a large variability was found in every temperature range. A total of 80% of people declared "want no change" with temperatures between 23 and 28°C, but, even within this temperature range, some individuals voted for warmer (15%) or cooler (5%) conditions. Using the polynomial function of the regression, we computed that the maximum percentage of people that voted "no change" occurred at 24°C, but the percentage values of pleased people for 23 and 25°C was very close to that of 24°C (only 0.1% difference).
The proportion of votes "want warmer" exceeded 50% when temperature was below 17°C, although there are individuals that declared they were pleased even with the lowest measured temperature values. The proportion of votes "want cooler" was very low for temperatures between 16 and 26°C (5% of interviewees) but this percentage increases rapidly above 26°C, reaching over 50% when temperatures were above 32°C.
The measured values of Ta and other atmospheric variables, as well as the seasonal context, must be considered in the interpretation of these results. The seasonal context Seasonal differences were analysed based on the calculation of the 5, 50 and 95 percentiles of air temperature measured when people vote "want no change" in each day. As it can be expected, people vote "want no change" under much higher temperatures in summer than in the other seasons (Fig. 4) .
However, there is a difference between the summer periods of 2006 and 2007: the latter was much cooler and windier (Table 1 ) and the comfort range in summer 2007 was 3-4°C below that of summer 2006, and was even lower than the comfort range in spring. In winter, the temperature range considered acceptable was between 13.1 and 17.8°C. As could be expected, it was confirmed that a seasonal adaptation exists, which can be partially physiological although clothing may also play a major role (Fig. 4) , allowing for lower temperatures to be tolerated in winter as well as higher ones in the summer. In addition, psychological factors can also play an important role such as the satisfaction with the first sunny and beautiful spring days (Höppe 2002) .
Relation with age
The percentage of people that vote for changes in Ta decreases with age, as much under warm conditions as in cool conditions, but more clearly in a lower temperature context: 25% of people aged under 35 vote "want warmer" versus only 15% of those over 54 (Fig. 5 ). This can be partially explained by an average increase in clothing insulation in older people (Fig. 2) . But a general decrease in sensitivity with age was also observed in hotter conditions: the lowest percentage of interviewees that voted changes was observed in the age group 55-64 years (6%), while 12% of people under 35 preferred a lower temperature; however, in the oldest group, the percentage of these votes increases in comparison with the younger group, which can be related to the increase in clothing insulation in this age group in summer (Fig. 5) .
Modelling thermal preferences with multiple logistic regression
The relationship between each of the 3 types of thermal preference votes (want cooler, want no change, want warmer) and a set of environmental and personal variables was tested. For each of the votes, the best fit model was selected and validated by the Hosmer-Lemeshow Test (Kleinbaum et al. 1998; Vitinghoff et al. 2005) (Table 3) ; a value above 0.05 indicates a good fit, to a significance level of 0.95. It can be seen in Table 3 that the three models allow a significant fit of the data. The contribution of each single variable to the model can be evaluated using the Wald statistics (higher values indicate a larger contribution Fig. 4 Indoor versus outdoor Ta values when people voted "no change" Fig. 5 Relationship between votes to change with Ta and age to the model; p must be <0.05 to be considered significant) and by the change in −2 Log Likelihood (Tables 4 and 5 ).
Thermal preference vote: "want warmer"
Only three variables have a significant relationship with these votes: air temperature (Ta), wind (V# see above) and age. The best agreement was obtained with Ta natural logarithm and with squared age (Table 4) .
Ta is the most important variable that explains the change of the probability of the votes "want warmer", followed by age and V# . The probability rises both with decreasing Ta and age and with increasing V#.
The change in the probability to vote "want warmer" with changing Ta (Fig. 6) was simulated, for a 41-year old person (average age of the sample) using different values of V#: in the absence of wind and with Ta under 14°C, the probability to vote "want warmer" exceeded 0.5 (more than a half of people preferring warmer); this threshold increases to 15.5, 16 and 17°C with V# above 2, 4 and 6 ms −1 , respectively. The boundary above 0.75 of votes "want warmer" is only reached with Ta under 14°C and V# above 6 ms −1 . Influence of age combined with Ta can be seen in Fig. 7 , for a constant V# of 3.4 ms −1 (average value of the sample).
The threshold of the probability to vote "want warmer" >0.5 is reached with Ta under 17.5°C for an individual aged 20, but only under 13.5°C to a 65-year-old; for a 20-year-old person, the boundary for the probability above 0.75 to vote "want warmer" is only reached at 13°C, and it is never attained with the elderly people in the simulation.
Thermal preference vote: "want cooler"
The frequency of the votes "want cooler" was significantly related with Ta, humidity and the natural logarithm of V# (Table 5 ). Ta and humidity were combined using the Humidex formula (ACSE 2004; Conti et al. 2005) :
in which e is the vapour pressure in hPa. The value of e was calculated from measured Ta and RH. The best relationship was obtained with the square value of Hx. The estimated probability of voting cooler conditions rose with increasing Ta and humidity and decreased when V# increased. The probability to vote "want cooler" was estimated for increasing Ta, with different RH values and without wind (Fig. 8) . This estimation was made up to a Ta of 40°C, well above the highest Ta measured (33°C). This extrapolation was only carried out for situations without wind because, with very high Ta, the thermal influence of wind changes, increasing sensible heat transfer from the atmosphere to the human body, therefore rising discomfort (Steadman 1979) ; Givoni (1998) indicates that with Ta above 37°C an increase in wind speed actually amplifies the sensation of heat. This effect was not included in the model and cannot be simulated from the measured data.
With RH=25%, the probability of votes "want cooler" >0.5 was reached with Ta=35°C, but if RH increases to 50 and 75%, the same probability of people voting "want cooler" was reached at lower temperatures: respectively 29 and 25°C.
An increase of wind induces a decrease on the probability to vote "want cooler" (within the boundaries of measured Ta values, as explained above). The probability to vote "want cooler" was calculated for an increasing value of V# (Fig. 9) , with constant Ta and HR (respectively 30°C and 50%). A slight increase in V# (from 0 to 0.8 m s −1 ) was enough to decrease the probability of "want cooler" vote below 0.7; conversely, when V# surpasses 4 m s −1 , the decrease of the probability of the "want cooler" vote is very slight, never falling below 0.5.
Preference to maintain temperature: "want no change" vote
Modelling the relationship between votes "want no change", concerning air temperature, and the independent variables is more complex than the previous ones, because of the bipolar nature of discomfort (well expressed in Fig. 3 ) and the different interactions between Ta and the other variables on both sides of the Ta curve. The best relationship involving the probability of votes "want no change" was obtained with the PET values (classified in 10 classes of equal frequency), calculated with Ta = T mrt (PET shade ). It can be considered that PET calculated in this way relates to conditions of shade, depending only on Ta, wind speed and humidity. Although T mrt measured in the shade may be higher than Ta in an urban context, due to multiple reflections and emissions, it should be noted that the present study was developed in open spaces, where these features are less important. However, as an average difference between T mrt measured in the shade and Ta of 2°C was observed (Tmrt higher), the PET shade indices were calculated for two values of T mrt (measured in the shade and T mrt = Ta), but the difference was not significant (p>0.05). Therefore, the simplest procedure (T mrt = Ta) was used. The only other variable that contributes to the probability of votes "want no change" is a binary variable separating people over 54 years of age from the younger ones.
In the regression with a classified variable, the last class (in this case, the class PET shade >27.7°C) is taken as a reference class. The β coefficients (Table 6 ) represent the variation of the probability of votes "want no change" in each class, relatively to the probability in the reference class, with the change in PET shade .
The probability of votes "want no change" is higher concerning people over 54 years of age, in accordance with the results presented above (Fig. 5) ; the average difference between the two age groups is 0.12 (Fig. 10) .
Not all the PET shade classes differentiate significantly from the reference group (only those where the Wald test has a significant value (p<0.05) in bold in Table 6 ). Figure 10 identifies the classes in which the estimation of the probability of votes "want no changes" is significant (p< 0.05). The lowest values of the probability of individuals wanting no change corresponded to the lower classes (Pet shade under 14.7°C; Table 6 ) and a clear decrease was also observed in the higher Pet shade class (above 27.7°C).
Maximum probability of votes "want no change" was observed in class 7 (PET shade between 21 and 23°C). There was also a decrease (not significant) in the probability of votes "want no changes" within classes 4 to 6 (between 16.8 and 20.9°C), although the p value is always above 0.6 (therefore not significant). This variation is difficult to explain. These classes related mainly to inquires made during the autumn when there was a decrease in global solar radiation values (referring here to K measured under sunshine) in relation to class 3 (average global radiation value in class 3 was 383 W m 2 , decreasing to an average value of 283 W m 2 in classes 4 and 5); in these classes, 82% of the votes "want change" corresponded to these conditions (autumn and low global radiation). However, the effect of solar radiation was not recognized as significant by the regression analysis. 
Assessment of wind
General results
Wind has thermal and mechanical effects and both have implications on human comfort. Wind Preference Votes can be considered as a result of the combination of both effects.
Responses to question 22 showed that votes to decrease wind speed represented 30.6% of the sample; 67.1% voted for the maintenance of the values of wind speed and only 2.3% declared the preference for an increase in wind speed.
Votes to decrease wind speed were clearly more frequent in Belem than at the Expo site (respectively 37% and 25%; the difference was significant; p<0.001). This difference is consistent with the difference between v at the two locations: average v was higher in Belem than at Expo (2.9 m s −1 and 2.2 m s −1 , respectively), the difference also being significant (p<0.001).
Wind was classified as the most unpleasant variable by 21% of people, mainly in spring (22% of interviewees) and during the summer 2007 (65%); in opposition, in summer 2006, that was hotter than 2007 (Table 1) , only 7% of people classified v as the most unpleasant variable. Oliveira and Andrade (2007) showed that the perception of wind depended not only on wind speed but also on turbulence and found a good correlation with V#. Walton et al. (2007) also highlight the importance of wind gustiness on the outdoor thermal comfort.
Likewise, the current work, for which a much wider range of measured wind speeds (0 to 10.5 m s −1 ) under different thermal conditions was available, found that the V# coefficient was the strongest discrimination factor between different wind preference votes, when compared with average (W aver ) or maximum values (W max ) ( Table 7) .
Influence of gender and age Oliveira and Andrade (2007) found a strong correlation between satisfaction with V# and gender. In the current work, the percentage of people that preferred not to change wind speed was calculated separately by gender, in 20 classes of equal frequency and increasing V#. The difference between gender was confirmed ( Fig. 11 ): 70% of men answered "want no change" against 61% of women. The difference was only evident for V# above 1.4 m s −1 and was particularly large above 3.1 m s −1
: 61% for men and 42% for women. As with Ta, the general sensitivity to wind (more evident for higher values) decreased with age (Fig. 12) . The percentage of votes to decrease was highest in the age group 25-34 years and minimum above 55; percentage of votes to increase was always very low and differences were not significant. As in relation to Ta, part of the decreasing dissatisfaction of people with wind when age increased can be due to heavier clothing usually worn by older people (Fig. 2) , but it must be noticed that there was no significant association between clothing and satisfaction with wind.
Modelling wind preferences with multiple logistic regression
Logistic regression was used to model the relationship between wind preferences and the environmental and personal conditions. The low frequency of people that preferred to increase wind speed did not allow the creation of a significant model. Therefore, the probability to have votes to maintain is simply the complement of the probability of decrease type answers:
Probability of votes "maintain wind" = 1 -(Probability of votes "decrease wind")
The overall model is significant, with a Chi-square value of 7.505 (significance of 0.4823 to 8 degrees of freedom). Fig. 9 Variation of probability to vote "want cooler" with V# (Ta=30°C; HR=50%) Fig. 8 Variation of probability to vote "want cooler" with Ta, without wind Probability of votes to decrease is significantly related with V# (after logarithmic transformation), gender and age (Table 8 ). Probability is above 0.5 with V# >4 m s −1 for women, but this threshold was 7 m s −1 for men ( Fig. 13 - considering a constant age of 41 years). The value of probability of votes to decrease =0.75 was reached with V# = 9.5 m s −1 for women and 14.5 m s −1 for men.
The thresholds of V# corresponding to 0.5 probability of votes "want to decrease" were not very different from those obtained with the polynomial function (PF) shown in Fig. 11 (identical for women, 0.5 m s −1 lower concerning men). But the performance of the two models is very different for higher V# (above 11.5 m s −1 ): with PF, the probability of votes "want to decrease" never reached 0.75
(maximum of 0.54 for men, 0.65 for women), while using logistic regression maximum values were 0.83 and 0.91. The results of the logistic regression were clearly better adjusted to the observed values, in which answers "want to decrease" were 70% to men and 100% to women, for V# >11.5 m s −1 .
Decreasing of probability of votes "want to decrease wind" with age is also obvious (Fig. 14) : considering only women, the V# threshold to reach a value of probability =0.5 increases between 3.5 m s −1 and 6 m s , with age ranging from 20 to 65 years.
Discussion
It is widely acknowledged that human beings cannot feel thermal parameters, such as air temperature, individually (Parsons 1993; Höppe 1993) . So, what are people actually talking about when they declared preference to change or maintain Ta?
Answers about the perception of Ta were strongly associated with wind. Atmospheric humidity also adds to Fig. 10 Variation of probability to vote "want no changes" with PET shade , for different age groups the discomfort associated to high temperatures. It is therefore obvious that answers about Ta refer to a general thermal feeling, integrating the influence of different atmospheric parameters that the individuals could not isolate. The fact that people attach this feeling to Ta results from a widely spread pre-conceived idea that only Ta affects thermal comfort. The humidex formula (Hx) used as a predictor of the preference to decrease temperature (Fig. 8) lacks a theoretical basis, as opposed to the more sophisticated models (Fanger 1972; Gagge et al. 1986; Höppe 1993 Höppe , 1997 Parsons 1993; Givoni 1998; Havenith 2001; Van Marken et al. 2007 ), but it has a long empirical confirmation, namely in Canada (ACSE 2004) and was related to mortality associated with heat waves in Italy (Bisanti et al. 2004; Conti et al. 2005 ). The present work showed that the statistical relation between Humidex and the thermal preference votes was clearly stronger than that of the indices based on energy balance of the human body, such as PET or SET*. The importance of humidity in the model, even with moderate RH and Ta, is somewhat surprising, because usually RH is only considered important when there is a combination of high values of both variables. The importance of humidity in thermal comfort can be strongly dependent on acclimatisation: for example, in Dacca, Ahmed (2003) only found a decrease in thermal comfort with RH well above 80% when Ta is around 30°C and wind speed 1.5 m s ; according to the model developed for Lisbon, where hot and moist weather is very rare (Andrade and Alcoforado 2008) , nearly 100% of people will declare discomfort with 30°C and 85% RH.
It is also known that radiant fluxes are very important to the human energy balance and therefore to thermal comfort (Hodder and Parsons 2006) . Givoni et al. (2003) and Hwang and Lin (2007) used volunteers under outdoor controlled conditions to evaluate the influence of solar radiation on thermal comfort. This is a very different method from the one used in the present work, in which interviews were made, under non-controlled conditions, with people passing by in the study area and maintaining their usual behaviour. Thorsson et al. (2004) , Stathopoulos et al. (2004) and Lin and Matzarakis (2008) also worked with "real users" of the studied areas, but they considered radiant temperature measured under direct solar radiation. In our case, values of K and T mrt under these conditions showed a strong redundancy with Ta and they do not enhance the explanatory capacity of the models. Assuming that people spend as much time in the shade as in the sun, K and L were measured in the shade and T mrt was also calculated for shaded conditions; the inputs to the initial logistic regression model were K and T mrt under the same conditions (shade or sun) in which the individual was at the time of the interview. Even in this case, the contribution of K and T mrt to the models is not significant, because people easily change their radiant environment, by moving between direct K and shade, in response to the general thermal conditions. Times of permanency under these conditions are usually short and not sufficient to create a steady-state situation. In consequence, people exposed to direct K declared more frequently feeling cool than warm discomfort (they moved to the sun because they were cool) and people under the shade indicated the opposite sensation.
Clothing is one of the parameters included in the energy balance of the human body (Parsons 1993; Havenith et al. 2002) , and it can be a cause of thermal discomfort. But changing clothing is one of the individual ways of thermal adaptation (Lin 2009 ). In a leisure situation, in which the choice is free, people easily change clothing as a function of the thermal conditions and nobody wears clothing that causes thermal discomfort; in the models developed in this study, clothing never gave a significant contribution to the explanation for thermal discomfort. The same cannot be said about situations in which people wear working clothes or uniforms, which can be highly inadequate to real thermal Fig. 12 Relationsip between votes "no change", wind and age Fig. 11 Variation of the percentage of people that voted "no change" with increasing V#, according to gender conditions, with negative consequences to comfort and even to health. Thorsson et al. (2004) concluded that T mrt explains 64% of Clo values for T mrt of 64%, in an urban park of Gotebörg, Sweden. Nikolopoulou and Lykoudis (2006) also found a strong relationship between average air temperature and clothing, with regional differences at the European scale. The authors found that clothing is mainly a result of seasonal and daily general Ta and wind conditions (that can be represented by synoptic data) more than microscale conditions. Maybe in a more detailed analysis, small adjustments in clothing could be identified as a function of microscale conditions.
Another consequence of the adaptive behaviour is that thermophysiological indices, such as PET or SET*, calculated with the measured T mrt on the human body, do not relate to the thermal perception declared by individuals (the bad fit between answers to interviews and the thermophysiological indices, even in indoor conditions, had already been pointed out in Auliciems and De Dear 1997) . PET has a significant relationship with thermal votes "want no change" but only when calculated with Ta = T mrt , therefore depending only on Ta, wind and atmospheric humidity. This expresses the difficulty of using traditional steady-state models in the evaluation of outdoor thermal conditions, which are intrinsically transient. Another limitation of the use of thermal indices is that they take into account wind speed and not wind variability. It was found, in the course of the current research, that the strongest influence of wind on the thermal perception results from the combination of speed and variability.
The maximum number of votes "want no change of temperature" was observed with PET shade between 21 and 23°C, which is within the "thermal comfort range" defined for PET in western Europe (Matzarakis et al. 1999) . Strong decreases in the percentage of people that voted "no change" observed in Lisbon for temperatures below 14.7 and above 25.7°C, were classified in Matzarakis et al. (1999) as slightly cool and slightly warm, respectively. These values are much lower than those found for Taiwan by Lin and Matzarakis (2008) (neutral range of PET between 26 and 30°C) showing the importance of acclimation to thermal comfort. The importance of acclimation (to Ta values, not to PET, therefore not comparable with the values presented in this work) was also demonstrated by Nikolopoulou and Lykoudis (2006) , who compared different European cities: annual neutral Ta ranged between 25.3°C in Thessaloniki and 13.3°C in Sheffield.
Other personal factors proved to be important in the answers, but not all the aspects referred by different authors (as time of permanence, motivation or expectation) presented an effective and quantifiable relation (De Dear and Brager 2002; Ahmed 2003; Nikolopoulou and Lykoudis 2006; Lin 2009 ). Motivation, for example, was probably too homogeneous (all interviewees were in the study areas Fig. 13 Variation of probability of votes "want to decrease wind" with V# for both genders Fig. 14 Variation of probability of votes "want to decrease wind" with V# according to age in women for leisure purposes) and do not allow for a differentiation between answers; interviewees were asked about length of stay in the area, but it is difficult to reconstruct all the aspects of the stay, as for example the time spent in the sun or in the shade that can be important in understanding the answers. A more detailed analysis about this topic is needed, eventually using different methods. The only personal factors with a significant relationship with declared preferences included in the logistic regression models were gender (with wind preference) and age (with wind and thermal preferences). This study confirmed the importance of gender in the perception of wind, which had already been observed by Oliveira and Andrade (2007) . Several causes can be suggested to explain this difference between genders: physiological (lower average metabolic rate and body mass of women; ISO 1990; Parsons 1993) or cultural (men being more used to outdoor exposure or their larger reluctance to express discomfort), but it is a subject that cannot be fully explored in this work.
A very clear reduction of discomfort was observed with increasing age (either in relation to temperature or to wind). This decrease can be partly ascribed to higher clothing insulation in older people (Fig. 2) , although elderly individuals also reported a lower discomfort under warm conditions. Therefore, in addition to differences in clothing, the general decrease of dissatisfaction with age can be related to a lower sensitivity to temperature variations of older people, as mentioned by some authors (Parsons 1993; Frank et al. 2000; DeGroot et al. 2006) .
Comparison with indoor comfort temperatures
Testing the application of indoor models to outdoor conditions is an important and interesting topic. As Spagnolo and De Dear (2003) stated, it was frequently assumed that indoor thermal comfort standards can be generalised to outdoor conditions. However, this generalisation should be made carefully, because of the large differences not only between indoor and outdoor environments (outdoor is much more variable and difficult to control than indoor) but also between people's behaviour and psychological factors in the two distinct environments.
This study considered that the preferred range of outdoor Ta was bounded, for each day, by the 5th and 95th percentiles represented in Fig. 4 ; median can be considered the centre of this "comfort range".
The equation of De Dear and Brager (2002) was used to define an optimum comfort temperature for Lisbon:
In which T conf is the optimum comfort temperature in naturally ventilated buildings and Ta out is the outdoor mean temperature. This equation derives from a revision of the ASHRAE Standard 55, in an adaptive perspective (De Dear and Brager 2002) , and is applicable to naturally ventilated buildings. In our case, Ta out was the average daily Ta in the meteorological station Lisboa/Geofisico, for each day of fieldwork. The result is shown in Fig. 4 .
In spring and summer, Ta conf was always lower than the median outdoor preferred Ta and below the 5th percentile on some days, as opposed to autumn and winter when Ta conf is higher than the 95th percentile of the preferred outdoor Ta.
Besides the interference of other atmospheric variables and subjective parameters, the difference between indoor and outdoor preferred Ta can be partly explained by the seasonal change in clothing insulation (average Clo explains 83% of the variance of the difference between indoor Ta conf and the median of preferred outdoor Ta). In winter and autumn, heavy clothing allows people to tolerate much lower Ta values than the indoor standard, and in spring and summer lighter clothing leads to the opposite situation.
Conclusion
Interviews of "casual" users of outdoor facilities can give very different results from those obtained under controlled experimental conditions. The more complex and changeable conditions found in outdoor environments increase the difficulty of data analysis; however, this methodology led to more realistic results, mainly concerning the relationship with the variables that can be easily modified, such as solar exposure and clothing. Despite the complexity of the interactions between the declared comfort, the atmospheric conditions and the personal characteristics of the individuals, it was possible to identify patterns in these relations, using suitable methods; multiple logistic regression proved to be a useful tool to model the said relationships.
In accordance with the characteristics of the studied areas (leisure places), a high level of satisfaction with thermal and wind conditions was found: 88% of interviewees voted "no change" relative to these two parameters. The range of acceptability of outdoor conditions found in this type of places and activities is very wide and attainable through the adoption of adaptive strategies, like changes in clothing and moving between shade and full sunshine. However, it is also important to mention that 65% of people indicated different kinds of bioclimatic discomfort. This shows that an adequate planning of the open areas can significantly improve their microclimatic conditions and the general comfort of users.
It was also evident that the acceptability of warm conditions (high temperature, low wind speed) is much higher than the acceptability of cool conditions (low temperature-although moderate; strong wind speed). Between 23 and 28°C, 80% of people declared they were pleased, with a maximum of votes "want no change temperature" at 24ºC. Considering PET values (with T mrt = Ta), the comfort zone is very similar to that generally delimitated to western Europe (18-23°C), although with a higher base (21 instead 18°C).
Very few people declared a preference for higher wind speed, even in hot weather, and, even then, there were people who declared a preference for lower wind speed and (less frequently) higher temperature. Answers about Ta were in agreement with the perception that overall thermal conditions are strongly influenced by wind, and by humidity in hot weather; humidity is important in the perception of warm conditions even with relatively low values of RH. Perception of wind was always better related to the combination of wind speed and variability rather than to wind speed alone. Age was the only personal factor significantly related with thermal preference (gender is strongly related to wind preferences), with a general decrease of discomfort with increasing age (mainly in the older classes-over 54 years).
This study shows that it is possible to define patterns of perception and preference of outdoor microclimatic conditions, even with a strong influence of personal (mainly gender and age) characteristics. We believe that the current work gives a basis for understanding the perception of outdoor microclimatic conditions in leisure areas, in a city with a moderate thermal climate like Lisbon. The continuation of this research will be directed towards more concrete topics, related for example to the impact of certain landscape features in the bioclimatic comfort. A subsequent step is the application of this information to help design more comfortable outdoor leisure areas. To achieve this aim, a strong interdisciplinary dialogue is needed between the different experts involved in that task.
